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There are two aspects of vascular muscle function which should be remembered and which may help to explain some of its baffling behaviour. The first is that each fibre probably contracts and relaxes rhythmically, and that changes in vascular tone are partly, and perhaps largely, the average effects of a change in local ratios of contraction to relaxation time. Rhythmicity in capillary filling is often seen in those regions where the living circulation can be microscopically observed, but most methods of quantitative study of vessels will record only average results. Rhythmic responses can, however, be appreciated by methods of high spatial resolution such as thermal conductivity probes. The other well attested, though little considered, phenomenon is the longitudinal conduction of changes in vascular tone, e.g. up the femoral artery during calf exercise. This appears to be a purely muscular process, independent of nerves. The two phenomena considered together suggest the possibility of pacemaker regions, in vascular muscle each influencing a family of fibres extending some distance along the vessel. This idea is at present quite speculative. The most potent natural influence on the blood flow through voluntary skeletal muscle is exercise of the muscle itself. During a sustained contraction, the circulation through a voluntary muscle may be mechanically restricted by intramuscular pressure, but following activity the blood flow is greatly increased, and if the exercise has been prolonged the flow may take a long time to subside to resting levels. For example, the flow in the calf of the leg is still raised half an hour after trotting for half a mile at 8 5 mph (Halliday 1960). Students at St Mary's have observed a raised blood flow in the calf of the leg twenty-four hours after walking the 52 miles from London to Brighton.
The mechanism of post-exercise hyperemia is still not fully understood, but it is known to be independent of sympathetic innervation, and to be unaffected by anticholinergic substances. It probably comprises a number of local factors, among which may be hypoxia, metabolites, histamine, bradykinin, and potassium ions. The relative importance of such factors may vary with the circumstances.
The stimulus to post-exercise hyperemia is not prolonged if the blood flow to the limb is restricted by applying external counter pressure (Dornhorst & Whelan 1953) or if the blood flow is restricted to the normal resting level by throttling the main artery (Blair, Glover & Roddie 1959) . It is not shortened if the circulation through the muscles is reflexly raised by postural manoeuvres (Dean & Skinner 1960) .
During the reactive hyperxmia which follows a period of arrest of the circulation, the muscle blood flow may rise to high levels, but the flow subsides much more quickly than it does after exercise.
By contrast with local exercise and reactive hyperwmia, the influence of vasomotor nervous control on muscle blood vessels is usually modest.
The vasoconstrictor sympathetic supply is normally in a state of moderate activity. Acute nerve block raises the flow to a level about onequarter to one-third of that following exercise. Vasoconstrictor activity can be effectively inhibited by suitable postural changes, especially by the leg-raised and head-down position (Roddie et al., 1957) . Vasoconstrictor activity is increased in the upright position, and can be excited to a level which effectively arrests the limb circulation by breathing 30% CO2 for a short time (McArdle et al. 1957) , and by the redistribution of blood and physiological hoemorrhage caused by lower body suction (Ardill et al. 1965 ). The vasoconstrictor nerves to inactive muscles also become more active when muscles elsewhere are exercised (Blair et al. 1961) .
Vasodilator cholinergic nerves to voluntary muscles have been demonstrated in animals, and there is some evidence that such nerves are present in man, and that they may become active in fainting (Barcroft & Edholm 1945) and in fright (Blair, Glover, Greenfield & Roddie 1959) and with severe mental arithmetic (Barcroft et al. 1960 ). The evidence is the observation, in these circumstances, of a higher rate of blood flow in a normal limb than in the paired limb which has been acutely nerve blocked or has been atropinized by an infusion of atropine into the brachial artery. The cholinergic vasodilator mechanism is capable of causing a conspicuous increase in blood flow, provided the arterial pressure is sustained, but as far as is known it is reserved for occasional rather than regular use. Barcroft The Regulation of Pulmonary Blood Flow That the pulmonary circulation can respond actively to the action of chemical agents is now established, although it is probably true to say that the occasions on which such an action has been unequivocally demonstrated are rather fewer than is generally believed. The pathological responses of the system in conditions of abnormal flow and pressure have also been well worked out. This paper is concerned with the mechanical influences which affect the pulmonary circulation since their role is so much more important than in the systemic circulation.
First we have to consider the relation between flow and pressure in the system. The pulmonary circulation does not possess the complex and sensitive system of nervous control which exists in the systemic, and so its response to an increase in flow has to be imagined in more simple mechanical terms. If the circuit behaved as an assembly of rigid tubes, then, with laminar flow, the pressure in the pulmonary artery should increase in a linear fashion with any increase in flow. If, on the other hand, the resistance vessels are capable of distending when the pressure inside them increases, the relation between pressure and flow will be a curved one. It follows that, in such a system, the value of the resistance is not fixed but falls automatically with an increase in flow.
It has been known for some time that the pressure in the pulmonary artery of patients who have had a lung removed is within normal limits provided that the remaining lung is normal. The existence of a greatly increased pulmonary blood flow in patients with an atrial septal defect is also known to be compatible with only a slight increase in pulmonary arterial pressure. In both these circumstances, however, the blood vessels have had time to adapt to an abnormal situation and this may not give a true indication of how the pressure is immediately related to changes in flow.
The technique of occluding one branch of the pulmonary artery by means of a balloon on the end of a cardiac catheter (Carlens et al. 1951 ) may be used to answer this question. If, for instance, the right main branch of the pulmonary artery is occluded, the flow through the left lung is approximately doubled. Hence one can plot the flow of blood through the left lung against the pressure in the pulmonary artery at two levels of flow. A third point on the relation between pressure and flow can be plotted if it is assumed that, at zero flow, the pressure in the pulmonary artery is given by the wedge pressure. Fig 1 shows such a pressure-flow relation obtained in a normal subject lying down. Pressure is expressed in terms of the difference between the pulmonary arterial and the wedge pressure (AP) and thus the relation passes through the origin. It is clear that the overall pattern is not far from a straight line; which would indicate that, in the normal person lying down, the resistance vessels do not distend greatly or at all in response to a two-fold increase in flow. This may not be so in the upright position as will be discussed later.
The conclusion that, in the recumbent position, the pulmonary resistance vessels do not distend significantly when the flow through them doubles is contrary to what is generally believed. Perhaps the main reason why the pulmonary vascular resistance has been thought to be so dependent on flow is that the magnitude of the venous pressure has been overlooked. In the lungs the venous pressure is so close to the arterial that it cannot be ignored in the calculation of resistance. Thus, although AP may increase in proportion to an increase in flow, the pulmonary arterial pressure itself will not do so. 
